Background and Purpose: Gastric cancer is the third leading cause of mortality in Iran after cardiovascular diseases and accidents. The aim of the present study was to assess survival and it's affecting factors in gastric cancer patients through using Cox and parametric models along with frailty. Materials and Methods: In this study, the medical records of gastric cancer patients treated from 2008 to late 2010 were collected in Afzalipour and Bahonar Hospitals in Kerman and Imam Khomeini Hospital in Sari. 383 patients entered the study and were followed up for at least five years. The survival of patients was assessed by using Cox proportional hazard, log-normal and log-logistic models under gamma and inverse-Gaussian distributions, as two special models for frailty. Models efficiency comparison criteria were Akaike information criterion and Cox-Snell residuals. Results: Out of 196 patients in Kerman, 132(67.3%) were males and 64(32.7%) were females. The average age of the patient was 61yr and 59 yr for the males and females, respectively. Also, the survival rates after 1, 3, and 5 years of the diagnosis were 62%, 50%, and 45%, respectively. In the city of Sari, 69% (129 people) of the patients were male and 31% were female. The mean ages of male and female were 66 and 62 yr, respectively. At the same time, 1, 3, and 5 year survival rates of patients were 58%, 36%, and 30%, respectively. Based on Akaike information criterion, Cox-Snell residuals, and nonmonotonic failure rate, log-logistic model along with gamma frailty was more fitted in comparison with other models. Using this model, radiotherapy, heartburn, and tumor grade were found as significant predictors. Conclusion: Radiotherapy, heartburn, and tumor grade could be considered as more affected factors. According to rejection of the proportional hazard assumption, assessments of residual figures, and according to non-significant frailty effect by log-normal model, log-logistic model along with gamma frailty was found to be the best fitted model.
Introduction
Gastric cancer is one of the most prevalent causes of mortality in developed and developing countries, such as Iran (3) . It is the second most prevalent cancer in Iran, and the most prevalent one in men. It is also the third most prevalent cancer in women after breast and esophageal cancers (1, 5) . Based on an estimate in 2002, Age Standardized incidence Rate (ASR) in women and men was reported to be 26.1 and 11.1 in 100000 person/year (1, 6) . The prevalence of gastric cancer is different around the world (7) . Since in most of the cases it is diagnosed in advanced stages, gastric cancers has low survival rate (8) . 5-year survival rate of this cancer has been reported 12.3% in Chili, 9% in Brazil, 29 .6% in China, 4.4% in Thailand, 37% in United States of America, and 22% in Japan. In Iran, over 80% of gastric cancer patients are diagnosed in advanced stages, where treatment strategy will have subtle effects (9) (10) (11) (12) (13) . Most of the northern and southeastern regions in Iran are located in vulnerable area to gastric cancer (14) . Ardabil and East Azerbaijan Provinces have the most incidence rate for gastric cancer in Iran. While central and eastern provinces of Iran are moderate, and southern regions of Iran are considered as low risk areas (5) . Kerman province, located in southeastern part of Iran, has low incidence rate for gastric cancer with 10.2 and 5.1 rates for men and women, respectively (15) . The main purpose of survival studies is to determine the important diseases and the demographic factors in the occurrence of an event, such as recurrence of a disease, death of patient, recovery, and other factors (16, 17) . Standard survival methods are based on this assumption that survival data of patients are independent of each other and distribution time, until the intended event for various patients are independent and identical. While in most of the cases, the studied communities have heterogeneous combination of individuals with different hazards, and the evaluation of this heterogeneity is difficult and sometimes can contribute to inappropriate and reductive hazard functions, which are due to neglecting some unobservable, non-measurable, and unknown genetic or environmental factors, which cause heterogeneity in the target communities and are effective on distribution time of survival and hazard function. These factors are usually individual effects, which are not measurable by using apparent covariate, and because of excluding them in the regression model, estimating parameters are biased by using usual Cox proportional hazard model, and to resolve this problem in survival analysis, random effects as frailty models have been proposed during the last decade. In the current study, gamma and inverse-Gaussian distributions were used to estimate frailty (18) (19) (20) (21) (22) (23) (24) , and the aim of this study was to assess the survival of patients and the factors affecting it in gastric cancer patients using log-normal and log-logistic parametric models along with gamma frailty. It also wanted to compare the results of these models with Cox Model.
Materials and Methods
In the present study, the medical records of 383 gastric cancer patients treated from 2008 to late 2010 in Afzalipour and Bahonar Hospitals in Kerman and Imam Khomeini Hospital in Sari were included in the study. The target patients were then followed up for at least five years. City, gender, place of residence, opium, radiotherapy, chemotherapy, family history of cancer, surgery, dysphasia, weight loss, heartburn, hypertension, constipation, tumor grade, and tumor Histology were all taken into account as the variables in this study. Various models were assessed, and AIC values were calculated for parametric and semiparametric models. Then, according to Schoenfeld test, the proportional hazard assumption of the studied data was investigated. To compare the efficiency of parametric models, the Akaike information criterion and Cox-Snell residuals were used to assess the goodness of fit of a model, hence the lower value of AIC suggested a better model. The survival of patients Iran J Health Sci 2017; 5(3): 37 was also assessed using Cox proportional hazard model, log-logistic, and log-normal models under gamma and inverse-Gaussian distributions, while considering two special models for frailty (36) . All statistical analysis were done applying Stata V.11 (Stata Corporation, College Station, TX, USA) with a significant P value <0.05. This model was, at first, introduced by D.COX, a famous English statistician in 1972 to assess the effects of explanatory variables (independent) affecting survival time (25) . It is a semiparametric model, so that the form of baseline hazard function 0 () t  in this model is unknown, and no special distribution is considered for it. While in parametric models, survival times follow specific distributions, such as Weibull, exponential, log-normal, and log-logistic. Cox hazard function for x explanatory variable, is a function as follows:
One of the limitations of this model is the proportional hazard assumption, which considers that hazard rate between two or more groups of explanatory variables should be stable over time (26, 27 (27) . The condition of using Cox model in the state of univariate survival data is that, regardless of covariate effects, there is no heterogeneity between survival times. To cope with this heterogeneity, a non-measurable random effect (frailty effect) is placed in hazard function (28) . Frailty random effect variable (z) is an invisible and non-negative effect which has probability density function of ( ) with the mean of 1 and variance of 2 . This presumption is then called the standard condition of frailty effect.
2
Parameter demonstrates the rate of heterogeneity in the community. Significant frailty effect implies that patients with identical explanatory variables have various death risks. The term 'frailty' was, first, introduced by Vaupel et al. (1979) to define the differences between atrisk individuals in mortality data. Lancaster (1979) also assessed the time of unemployment with random effect, and made common mixed proportional hazards model in economic studies. Hougard (1986) initially suggested power variance distribution to present solutions for heterogeneity problem. Then, frailty models were applied for the studies of age at the time of death by Zelterman (1992) , for the unemployment period by McCall (1994) , pregnancy of women by Aalen (1987) , and migration by Lindstrom (1996) (18, (29) (30) (31) (32) (33) (34) (35) . Conditional survival and hazard function of the effect of frailty is as follows:
In this model, is a component of frailty for ithperson. is a vector of regression coefficient, and is a vector for explanatory variables in the model. ℎ ( ) is the baseline hazard function which means that its' value of explanatory variables equals zero (27) . In the current study, in order to compare the efficiency of parametric and Cox models, Akaike information criterion (AIC) was used. This criterion was presented by Akaike and aimed to measure the goodness of fit for model which is calculated trough the following equation:
In this equation, a is the number of parameters presented in the model, and c is the constant coefficient which is dependent on the type of the model, and is zero for Cox model, while the value of c is 2 for applied parametric models (36).
Results
In the current study, 383 gastric cancer patients were assessed with the mean age of 63. All present variables were used to perform the analysis for this study. As a result, the researchers tried to assess the influence of these variables on survival of gastric cancer patients. At first, according to Schoenfeld test, the proportional hazard assumption of the collected data was rejected, and as a result, Cox model was excluded. Then, AIC values were calculated for Weibull (1308.699), exponential (1419.556), log-normal (1290.168), and log-logistic (1294.096) models. According to the lower rate of Akaike information for log-logistic, Weibull, and lognormal models in comparison with other models, they were nominated to fit the model for the data. During the next stage, according to Cox-Snell residual plot (Figure 1 ), loglogistic and log-normal parametric models were selected. In order to correct the heterogeneity of observations, gamma frailty and inverse-Gaussian parameters were added to these models, the significance level of which was obtained in log-logistic model (p= 0.001, = 1.294 ). Table 2 and Table 3 demonstrate the findings obtained from multivariate analysis of parametric models (with and without frailty effect).
The data analysis showed that radiotherapy variable was significant only with frailty effect (p<0/05). City, heartburn, tumor grade, and histopathology type of tumor were significant in log-normal and log-logistic models ( Iran J Health Sci 2017; 5(3): 41 survival in comparison with those patients without chemotherapy. At the same time, 77% of the cases with surgery had 0.7 times lower survival rates than those with no surgery. 57% of the patients with weight loss had 0.8 times lower survival rate in comparison with those with no weight loss. It was also found that 88% of the patients with hypertension had 0.6 times lower survival rates than those with no hypertension, while 38% of the cases with constipation had 0.82 times lower survival rates in comparison with those without constipation. Finally, 89% of the sample patients with adenocarcinoma histopathology tumor had 1.654 times more survival rates than those patients without adenocarcinoma tumors. 
Discussion
Cancer is one of the most important health problems worldwide, hence most of the health equipment in developing countries is allocated to these diseases (37) . Survival rate in this disease is relatively low, and after diagnosis, people will not live for a long time (38) . Numerous studies have been conducted in the field of identifying factors affecting survival of this disease (39) (40) (41) . For various reasons, such as the support of most statistical software and the existence of fewer assumptions, most of the investigators tend to use Cox proportional hazard model to identify the factors affecting survival of patients. Whereas, in a systematic study conducted by Altman et al. on 43 articles, 5% of them assessed proportional hazard assumption in Cox Model. Failure to establish this assumption causes the results of the model not to be completely reliable. As a consequence in these conditions, parametric models will be a more appropriate selection. Such models with the assumption of a specific distribution for time variable and without any need to proportional hazard assumption will fit the model (42) (43) (44) . The aim of the current study was to assess and compare loglogistic and log-normal parametric models with Cox Model and to evaluate the entry of frailty effect in survival analysis of gastric cancer patients. The studied variables in this research included city (Kerman and Sari), sex (Male, female), residency (urban, rural), radiotherapy, family history of cancer, chemotherapy, consumption of opium, surgery, heartburn, dysphasia, hypertension, weight loss, constipation, tumor grade (poor, moderate, good), and histophatologic type of tumor (Adenocarcinoma, others). In the current study, sex proportion was 2.14, which was a value higher than the estimated sex proportion by the study of Ghadimi et al. and lower than some other studies (2, (45) (46) (47) . The mean age of patients in the present study was 63.49 years old (64.65 years old for men and 60.99 years old for women), which was relatively similar to a 5-year study conducted by Biglaran et al. in Tehran, but higher than some other studies (46, 48) , and lower than mean estimations in the study of Yazdani et al. (50) . In this study, radiotherapy, heartburn, and tumor grades were considered as the important predictors of survival in gastric cancer patients, so that those people treated by radiotherapy had higher survival rate, as well as the patients with heartburn. It should be noted that the diagnosis of a disease in the early stages is a factor affecting survival of a patient. In the previously conducted studies, it had been documented that those patients with family history of cancer had lower survival rate (2, (51) (52) (53) , while the family history of cancer was not a significant variable in the current study, and these findings were in congruence with the findings of Pour Hossiengholi, Yazdan Band, and Baeradeh (54, 55, 56) in their conducted studies. One of the reasons for such inconsistency could be due to the fact that about 88.8% of the patients in the current research reported no family history of cancer. As expected, tumor grade variable in the current study was identified as a factor affecting survival in gastric cancer patients. So that, those people diagnosed in poor tumor grade had the lower survival rate. Whereas, those patients with moderate or poor disease grade had 2.941 and 13.782-time more relative risk than those with a good tumor grade. In a study conducted in China, it was observed that the effect of tumor grade was significant, and the relative risk of those patients with a moderate and poor tumor grade was 1.14 and 1.34 times more than those patients with a good tumor grade, respectively.
Furthermore, in a study conducted by Moghimi-Dehcordi in Fars Province, the effect of tumor grade was seen to be significant, and the relative risk of those patients with a poor tumor grade was observed to be 1.56 times higher than those with good grade tumor (57, 58) . In the present study, the type of tumor histopathology in the ultimate model was found to be not significant, which was consistent with the studies of Zeraati and Biglarian (59, 60) . Furthermore, in some background studies, it had been demonstrated that sex was an important predictive factor for survival in patients (2, 51) , while this variable was also not significant in the present study, which was consistent with some other studies (51, 54, 61, 62) . In the current research, the relative risk in those patients with radiotherapy was 0.215 times more than those cases without radiotherapy. As observed in the literature, radiotherapy variable was significant in a study conducted by Whitson et al., and the relative risk in those patients with radiotherapy was 0.63 times more than those cases without radiotherapy, the current study was in congruence with this study (63 (27) . Ghadimi et al. in a study on gastric cancer patients in the city of Babol concluded that log-normal and log-logistic parametric models in multivariate analysis as well as univariate analysis had relatively similar results, and that because of the rejection of proportional hazard assumption, Akaike information criterion, and assessment of residuals, log-logistic model was best fitted, and was considered as a suitable replacement for Cox Model (2). Zare et al. conducted a study regarding the efficacy of parametric and Cox Models by using Akaike information criterion and CoxSnell residuals, and concluded that parametric models were best fitted in comparison with Cox Model, as a suitable replacements for it (64). Orbe et al. conducted a study regarding simulated and real data of gastric cancer patients in order to decide whether the proportional hazard assumption is established or not. The efficacy of log-logistic, log-normal, and stute model was better than Cox Model (65) . In the studies of Ghadimi et al. regarding the efficacy of Cox and parametric models with frailty effect, it was concluded that when proportional hazard effect was not established, loglogistic model with frailty effect was better fitted than Cox Model (51, 66) , which was consistent with the finding of the current study. In order to compare the models, Akaike information criterion and assessment Cox-Snell residuals were used. In the present study, it was also found and established that parametric models are better fitted if the percentage of a rightcensor is not more than 40 to 50% (44) . Based on the findings, log-logistic model with gamma frailty was the best statistical model amongst parametric models for the survival analysis of gastric cancer patients. The current study demonstrated that radiotherapy, tumor grade, and heartburn were the most prognostic effective factors affecting lifetime of gastric cancer patients. Furthermore, it was observed that the survival of patients treated by radiotherapy was higher than those without radiotherapy treatment, and those patients with heartburn had higher survival rate. The diagnosis of a disease at early stages was also found to contribute to higher survival rates. Increasing awareness of public toward prognosis of this disease and diagnosis at early stages can be effective in a higher survival rate. Since the proportional assumption was rejected about the data, and according to Akaike information criterion and assessment of residuals and significant gamma frailty effect, log-logistic model with gamma frailty can be an appropriate replacement for Cox Model to determine the factors affecting the survival of gastric cancer patients. In Cox and parametric models, the hazard function may depend on unknown or nonmeasurable factors that can cause the regression coefficients being estimated by such models to be biased. As a result, the frailty models were introduced in order to overcome the problem and better model the survival of patients. Frailty models are even used to explain the random variation of the survival function due to unknown risk factors, such as genetic and environmental factors.
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